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FUNGICIDAL 
BENZALDEHYDE-N-FORMYL-PHENYLHYDRA. 

ZONES : . . . . . . . 5 

This application is a continuation-in-part of applicar 
tion Ser. No. 838,772, filed on Oct. 3, 1977, abandoned. 

DESCRIPTION OF THE INVENTION 
- 10 

This invention relates to certain novel benzaldehyde 
N-formylphenylhydrazones, useful as fungicides, char 
acterized by the general formula: 

(Z)n (I) 
H 

20 
the particular compounds contemplated in this inven 
tion being the following individual species wherein the 
substituent moieties are as follows (the number preced 
ing the moieties, Z, indicating the position of the moiety 25 
on the phenyl ring): 

Compound 
No. R N Z. 

1 phenyl 4-Cl 30 
2 4-methoxyphenyl O - 
3 4-chlorophenyl O - 
4. 4-fluorophenyl O - 
5 4-bromophenyl : 0 - 
6 4-methylphenyl O 35 
7 3-fluorophenyl 0. - 
8 3-methylphenyl 0. 
9 4-methylphenyl 1 4-F 
10 4-(isopropyl)phenyl O 

40 
These phenylhydrazones can be prepared by treating 

the appropriate precursor of the formula: 

(Z)n 

R-CeN-N s 

45 

with a formylating agent. Formic acid itself may be 
used as a formylating agent. However, this reagent was 
found to give low yields of formylated product, and 
improved yields of the formylated compound were 
obtained using the mixed anhydride of formic acid and 
acetic acid. A preferred formylating agent therefore is 
one which comprises the mixed anhydride of formic 
acid and acetic acid and which may be prepared by 
mixing appropriate amounts of formic acid and acetic 
anhydride according to the method of Stevens and van 
Es (Recueil 83, 1287-94, (1964)). Alternatively the ace 
tic/formic anhydride may be prepared by the reaction 
of acetylchloride with sodium formate according to the 
method of Muramatsu et al. (Bull. Chem. Soc. Jap. 38, 
244, (1965)) or from ketene and formic acid (ibid). 
The precursors can be prepared by treating a car 

bonyl compound of the formula: R-CHO, with the 
appropriate hydrazine: 

50 

55 

65 

15, 

(Z) 

NHNH2, 

wherein the symbols have the respective meanings al 
ready assigned. The hydrazine is used as a salt, prefera 
bly the hydrochloride, together with as appropriate 
base, for example, sodium acetate. The reaction is pref. 
erably carried out in a polar solvent at temperatures 
ranging from ambient temperature to 100 C.; suitable 
solvents are, for example, ethyl alcohol, diethyl ether or 
30% aqueous acetic acid. The reaction may be carried 
out in the presence or absence of a dehydrative agent. 
These phenylhydrazones are useful as fungicides, so 

that the invention includes the method of protecting 
crops from fungi, in which crops subject to or subjected 
to such attack, seeds of such crops or soil in which such 
crops are growing or are to be grown are treated with 
a fungicidally effective amount of one of the fungicides 
of the invention, the preferred fungicide being ben 
zaldehyde-N-formyl-p-chlorophenylhydrazone (Com 
pound 1). 
The fungicides of the invention preferably are used in 

combination with a carrier. The term "carrier' as used 
herein means a solid or fluid material, which may be 
inorganic or organic and of synthetic or natural origin, 
with which the fungicide is mixed or formulated to 
facilitate its application to the plant, seed, soil or other 
object to be treated, or its storage, transport or han 
dling. The carrier may be a solid or a fluid. Any of the 
materials usually applied in formulating pesticides may 
be used as the carrier. 

Suitable solid carriers are natural and synthetic clays 
and silicates, for example natural silicas such as 
diatomacious earths; magnesium silicates, for example, 
talcs; magnesium aluminum silicates, for example, at 
tapulgites and vermiculites; aluminum silicates, for ex 
ample, kaolinites, montmorillinites and micas; calcium 
carbonates; calcium sulphate; synthetic hydrated silicon 
oxides and synthetic calcium or aluminum silicates; 
elements such as for example, carbon and sulphur; natu 
ral and synthetic resins such as, for example coumarone 
resins, polyvinyl chloride and styrene polymers and 
copolymers; solid polychlorophenols; bitumen; waxes 
such as for example, beeswax, paraffin wax, and chlori 
nated mineral waxes; and solid fertilizers, for example 
superphosphates. 

Examples of suitable fluid carriers are water, alco 
hols, such as for example, isopropanol; glycols; ketones 
such as for example, acetone, methyl ethyl ketone, 
methyl isobutyl ketone and cyclohexanone; ethers; aro 
matic hydrocarbons such as for example, benzene tolu 
ene and xylene; petroleum fractions such as for exam 
ple, kerosine; light mineral oils; chlorinated hydrocar 
bons, such as for example, carbon tetrachloride, per 
chloroethylene, trichloroethane, including liquified 
normally vaporous gaseous compounds. Mixtures of 
different liquids are often suitable. 
The surface-active agent may be an emulsifying agent 

or a dispersing agent or a wetting agent; it may be non 
ionic or ionic. Any of the surface-active agents usually 
applied in formulating herbicides, fungicides, or insecti 
cides may be used. Examples of suitable surface-active 
agents are the sodium or calcium salts of polyacrylic 
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acids and lignin sulphonic acids; the condensation prod 
ucts of fatty acids or aliphatic amines or amides contain 
ing at least 12 carbon atoms in the molecule with ethyl 
ene oxide and/or propylene oxide; fatty acid esters of 
glycerol, sorbitan sucrose or pentaerythritol; conden 
sates of these with ethylene oxide and/or propylene 
oxide; condensation products of fatty alcohols or alkyl 
phenols for example p-octylphenol or p-octylcresol, 
with ethylene oxide and/or propylene oxide; sulphates 
or sulphonates of these condensation products; alkali or 
alkaline earth metal salts, preferably sodium salts, of 
suphuric or sulphonic acid esters containing at least 10 
carbon atoms in the molecule, for example, sodium 
lauryl sulphate, sodium secondary alkyl sulphates, so 
dium salts of sulphonated castor oil, and sodium alkyl 
aryl sulphonates such as sodium dodecylbenzene sul 
phonate; and polymers of ethylene oxide and copoly 
mers of ethylene oxide and propylene oxide. 
The fungicides of the invention may be formulated as 

wettable powders, dusts, granules, solutions, emulsifi 
able concentrates, emulsions, suspensions concentrates 
and aerosols and will generally contain 0.5 to 95%w, 
preferably 0.5 to 75%w, of the fungicide. Wettable 
powders are usually compounded to contain 25, 50 or 
75%w of the fungicide and usually contain, in addition 
to solid carrier, 3-10%w of a dispersing agent and, 
where necessary, 0-10%w of stabilizer(s) and/or other 
additives such as penetrants or stickers. Dusts are usu 
ally formulated as a dust concentrate having a similar 
composition to that of a wettable powder but without a 
dispersant, and are diluted in the field with further solid 
carrier to give a composition usually containing 
-10%w of the fungicide. Granules are usually pre 
pared to have a size between 10 and 100 BS mesh 
(1.676-0.152 mm), and may be manufactured by ag 
glomeration or impregnation techniques. Generally, 
granules will contain -25%w toxicant and 0-10%w of 
additives such as stabilizers, slow release modifiers and 
binding agents. Emulsifiable concentrates usually con 
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tain, in addition to the solvent and, when necessary, 40 
co-solvent, 10-50%w/v toxicant, 2-20%w/v emulsifi 
ers and 0-20%w/v of appropriate additives such as 
stabilizers, penetrants and corrosion inhibitors. Suspen 
sion concentrates are compounded so as to obtain a 
stable, non-sedimenting, flowable product and usually 45 
contain 10-75%w of the fungicide, 0.5-15%w of dis 
persing agents, 0.1-10%w of suspending agents such as 
protective colloids and thixotropic agents, 0-10%w of 
appropriate additives such as defoamers, corrosion in 
hibitors, stabilizers, penetrants and stickers, and as car 
rier, water or an organic liquid in which the toxicant is 
substantially insoluble; certain organic salts may be 
dissolved in the carrier to assist in preventing sedimen 
tation or as antifreeze agents for water. . 
Aqueous dispersions and emulsions, for example, 

compositions obtained by diluting a wettable powder or 
a concentrate according to the invention with water, 
also lie within the scope of the present invention. The 
said emulsions may be of the water-in-oil or of the oil 
in-water type, and may have a thick "mayonnaise'-like 
consistency. 
The formulations may also contain other ingredients, 

for example, other compounds possessing pesticidal, 
such as insecticidal, herbicidal or acaricidal, properties. 
The invention is further illustrated in the following 

Examples. In each case, the identity of the product was 
confirmed by appropriate chemical and spectral analy 
SS. 

50 

4. 

EXAMPLE 1 
* , . . . . . . . Preparation of 
Benzaldehyde-N-formyl-p-chlorophenylhydrazone (1) 
25.2 g of 4-chlorophenylhydrazine and 33.6 g of an 

hydrous solidum acetate were dissolved in 400 ml of 
50% by volume aqueous ethanol. The resulting suspen 
sion was filtered to remove sodium chloride. 15.4 g of 
benzaldehyde in 20 ml of ethanol was added to the 
filtrate. The mixture was warmed for a few minutes, 
then water was added to cause a precipitate to form. 
The precipitate was filtered and recrystallized from 
aqueous ethanol to give benzaldehyde-p-chlorophenyl 
hydrazone (1A), mp 129-130' C. 

6.91 g of 1A was dissolved in 37.5 ml of dry 1,2-dime 
thoxyethane and treated with 4.5 g of distilled mixed 
anhydride of formic acid and acetic acid prepared by 
mixing the appropriate amount of formic acid and acetic 
anhydride. The resulting mixture was left for 4 hours at 
room temperature and then heated up to boiling point 
and excess solvent removed in vacuo. The residue was 
triturated with 5% sodium bicarbonate solution, dried 
and crystallized from methanol to give 1, mp 122-123 
C. 

Table I identifies and sets out the melting points of 
further individual species of the phenylhydrazones of 
the invention, which were prepared by the procedures 
illustrated in Example 1. 

Compound No. Melting Point, "C. 
2 114-16 
3 07-09 
4. 8-83 
5 10-13S 
6 97-99 
7 64-66 
8 72-73.5 
9 14-17 
11 83.S.-85 

Fungicidal activity of the phenylhydrazones of the 
invention was established as follows: 

Activity against vine downy mildew (Plasnopara 
viticola) 

The test was a direct antisporulant one using a foliar 
spray. The lower surfaces of leaves of whole vine plants 
were inoculated by spraying with an aqueous suspen 
sion containing 10 zoosporangia per milliliter 4 days 
prior to treatment with the test compound. The inocu 
lated plants were kept for 24 hours in a high humidity 
compartment, 48 hours at glasshouse ambient tempera 
ture and humidity, and then were returned for a further 
24 hours to high humidity. The plants were then dried 
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and the infected leaves detached and sprayed on the 
lower surfaces at a dosage of 1 kilogram of the test 
compound per hectare using a track sprayer. After 
drying, the petioles of the sprayed leaves were dipped in 
water and the leaves returned to high humidity for a 
further 72 hours incubation, followed by assessment. 
Assessment was based on the percentage of the leafarea 
covered by sporulation compared with that on control 
leaves, 

Activity against barley powder mildew (Erysiphe 
graminis) 

The test measured the direct antisporulant activity of 
the test compounds, applied as a foliar spray. For each 
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compound about 40 barley seedlings were grown to the 
one-leaf stage in a plastic pot of sterile potting compost. 
Inoculation was effected by dusting the leaves with 
conidia of Erysiphe graminis. 24 hours after inoculation 
the seedlings were sprayed with a solution of the test 
compound in a mixture of acetone (50%) surfactant 
(0.04%) and water using a track sprayer. The rate of 
application was equivalent to 1 kilogram of test com 
pound per hectare. First assessment of disease was made 
5 days after treatment, when the overall level of sporu 
lation on treated posts were compared with that on 
control pots. 
Activity against wheat brown rust (Puccinia recondita) 
The test was a direct antisporulant one using a foliar 

spray. Pots containing about 25 wheat seedlings perpot, 
at first leaf stage, were inoculated by spraying the leaves 
with an aqueous suspension containing 10 spores per 
milliliter plus a little Triton X-155, 20-24 hours before 
treatment with the compound under test. The inocu 
lated plants were kept overnight in a high humidity 
compartment, dried at glasshouse ambient temperature, 
and then sprayed at a dosage of 1 kilogram of the test 
compound per hectare using a track sprayer. After 
treatment the plants were kept at glass-house ambient 
temperature and assessment made 11 days after treat 
ment. Assessment was based on the relative density of 
sporulating pustules per plant compared with that on 
control plants. 

Activity against broad bean rust (Uromyces fabae) 
The test was a translaminar antisporulant one using 

foliar spray. Pots containing 1 plant perpot were inocu 
lated by spraying an aqueous suspension, containing 
5X104 spores per milliliter plus a little Triton X-155, 
onto the undersurface of each leaf 20-24 hours before 
treatment with the test compound. The inoculated 
plants were kept overnight in a high humidity compart 
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ment, dried at glass-house ambient temperature and 40 
then sprayed, on the leaf upper surfaces, at a dosage of 
1 kilogram per hectare of active material using a track 
sprayer. After treatment the plants were kept at glass 
house temperature and assessment made 11 days after 
treatment. Symptoms were assessed on the relative 
density of sporulation per plant compared with that on 
control plants. 
The extent of disease control is set out in Table II and 

expressed as a control rating according to the criteria: 
O=less than 50% disease control 
1=50-80% disease control 
2=greater than 80% disease control 
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Table II 
Compound Fungicidal Activity 

No, Pr.a. E.g. Pr. U.f. 

1 2 2 0 
2 0 0 1 2 
3 O O 0 2 
4. 2 1 2 
5 1 1. 1 2 
6 O 2 1 2 
7 0 O 2 2 
8 O 1 O 2 
9 O 1 O 2 
10 O 2 2 2 

We claim: 
1. A compound, being one often having the formula: 

(Z)n (I) 
H 

the ten being individual species wherein the substituent 
moieties are as follows, the number preceding the moi 
ety, Z, indicating the position of that moiety on the 
phenyl ring: 

phenyl 
4-methoxyphenyl 
4-chlorophenyl 
4-fluorophenyl 
4-bromophenyl 
4-methylphenyl 
3-fluorophenyl 
3-methylphenyl 
4-methylphenyi 

4-(isopropyl)phenyl 

N Z 

2. A compound according to claim 1 wherein R is 
phenyl, n is 1 and Z is 4-chloro. 

3. A method for killing unwanted fungi on plants 
which comprises subjecting such fungi to a fungicidal 
amount of a compound of claim 1. 

4. A method for killing unwanted fungi on plants 
which comprises subjecting such fungi to a fungicidal 
amount of a compound as defined in claim 2. 

5. A fungicidal composition comprising a fungicidal 
amount of a compound of claim 1 together with a car 
rier therefor. 

k k 


